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Abstract
The aim of the Royal Automotive Club of Victoria (RACV) Energy Breakthrough annual event is to provide an
opportunity to school students to design and develop human powered vehicles (HPVs) and race a nonstop 24 hours
event that requires energy conservation, endurance and reliability. The event involves primary and secondary school 
students, teachers, parents and local industry to work together on the design and use of energy efficient vehicles. The
key areas with interest of HPVs are the significance of aerodynamic design and ways to improve overall
aerodynamics as most HPVs are designed with minimal or no aerodynamic consideration.  Therefore, the primary
objective of this study is to examine the aerodynamic behaviour of two production HPVs of variable designs using
on-road, wind tunnel experimentations and Computational Fluid Dynamics (CFD) modelling.  The study shows that 
the aerodynamic efficiency of vehicle largely depends on external shape especially the extrusion, gaps and bumps.
The useful data can be obtained and utilized using wind tunnel and on-road tests for HPVs if a close replica along is
used.
© 2013 Published by Elsevier Ltd.
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1. Introduction
With depleting fossil fuel resources and rising greenhouse gas emissions, attentions have been drawn 
on finding alternate fossil fuel resources to power transport vehicles as the sector accounts for
approximately 15% of overall greenhouse gas emissions [1]. This study focuses on an alternative
environment friendly transport that provides the user with health benefits. The Human Powered Vehicle
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(HPV) is a pedal powered mode of transportation; therefore, its success is measured by the effective 
transfer of pedal power to forward motion. Evidence suggests that despite having low speeds, 
aerodynamic drag has a significant effect on average speed and rider  fatigue [2-6]. The current study 
was aimed at understanding the aerodynamics, and in turn helping to achieve better efficiency of HPVs 
and increasing the appeal of the HPV. There are many differing designs and industrial assumptions. In 
this study, key designs and characteristic parameters of HPVs that contribute to aerodynamic efficiency 
would be investigated using on-road, wind tunnel testing and Computational Fluid Dynamics (CFD) 
modelling. The tests vehicles have been selected from the participating vehicles in the RACV energy 
breakthrough challenge. The event involves close to 100 participants from various primary and secondary 
schools across Australia [7]. 
2. Methodology and testing 
Two productions HPV vehicles (HPV 1 & HPV 2) have been selected for on-road test. These vehicles 
are shown in Fig 1a and Fig 2a. Details about these two vehicles are given in Table 1. The test was 
conducted in the bicycle track at Casey Fields in Cranbourne East, approximately 80 km south east of 
Melbourne central business district. The road test was undertaken to determine the average and top 
speeds. These speed range provided guidance to select the wind speeds for wind tunnel testing. Five 
students were put into the same vehicle, one after another, and were told they had three laps warm-up 
before the fourth and continuing laps, which would be timed. A cyclist was used to ride beside the driver, 
to watch for signs of exhaustion. The track has an uphill section in it, designated by the yellow box in Fig. 
3. The driver was timed for the time it took to travel around the track in the anti-clockwise direction, 
beginning from the path, shown by the red circle in Fig 3. 
Two simplified models of HPV 1 and HPV 2 (50% scale) were constructed using extruded polystyrene 
foam (XPS). The simplified models are shown in Fig 1b and Fig 2b. To attach these models with the force 
sensor in the wind tunnel, a cylindrical bracket was developed. Considering the HPV has three wheels 
there is need for a support that will distribute weight from each of the wheels to a central point, used for 
calculating effective forces. A T-stand was designed so that a flat bar ran across the front two wheels and 
a U-channel ran through the centre of the vehicle all the way to support the rear wheel. The experimental 
set up is shown in Fig 4a. The wind tunnel tests were undertaken at RMIT industrial wind tunnel. The 
tunnel test section measures, 3 m wide, 2 m high and 9 m long and can safely operate at wind speeds up to 
140 km/h. 
 
 
Fig.1. Model 1 (a) Production vehicle for on-road test; (b) simplified model used in this study 
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Fig.2. Model 2 (a) Production vehicle; (b) simplified model 
Table 1: Physical dimensions for HPV 1 & HPV 2 
Specifications Production HPV 1 Production HPV 2 
Mass  29 kg 33 kg 
Materials Aluminium frame Aluminium frame 
& Plastic panel & fibreglass panel 
Length  2400 mm 2320 mm 
Width  700 mm 760 mm 
Height  1000 mm 780 mm 
Frontal Area (CFD) 0.663 m2 0.457 m2 
Frontal Area (Model) 0.581 m2 0.492 m2 
 
A six-component force sensor (type JR-3) was selected for this study which allowed simultaneously 
measuring all 3 forces (drag, side and lift) and 3 moments (yaw, pitch and roll). The tunnel speed was 
monitored through a pitot tutb
a MKS Baratron and digital displays, and once steady, three 20-second readings were taken and averaged 
to minimise errors. All 3 forces and their moments were simultaneously measured for a range of wind 
speeds from 10 km/h to 100 km/h with an increment of 5 km/h. Only drag and its non-dimensional 
parameter drag coefficient are presented in this paper. 
 
 
Fig. 3. Casey Fields Track (Google earth) 
Casey Fields Track
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Two CAD models based on simplified wind tunnel models were developed for CFD modelling. The 
CAD model of HPV model 1 is shown in Fig. 4b. The models were developed in CATIA and were then 
imported into the CFD program (ANSYS CFX). Mesh generation and refinement were undertaken using 
ANSYS-DesignModeler. Two turbulence schemes: k- -
results of these two schemes were not shown here. Only the qualitative data from CFD modelling was 
presented in this study. 
 
 
Fig. 4.Simplified HPV model 1for study: (a) wind tunnel; (b) CFD  
3. Results and discussion 
The average best time was obtained from the total time required for 10 laps.  Knowing the distance of 
the track aided in determining the average speeds of each rider
experienced difficulty during uphill ride due to the heavy weight of the vehicle. However, the shape of the 
vehicle allowed for an easier ride. There were fewer signs of exhaustion than when riding in the other 
vehicle (HPV 1). The average lap time was 67 seconds at an average speed of 34 km/h. The drivers of 
HPV 2 experienced better airflow over the vehicle, and thanks to lighter materials and therefore a lighter 
vehicle, the ride up the hill was easier. However, the average lap time was higher (74 seconds) for HPV 1 
and subsequently its average speed was 3 km/h lower (e.g. 31 km/h). 
performance, the wind tunnel tests in this study were conducted under wide range of speeds (10 km/h to 
100 km/h) to investigate more thoroughly the effect of the shape of the vehicles on their drag profiles. The 
differences in drag for the two vehicles are minimal under 35 km/h, where the vehicle HPV model 2 has 
higher drag. Despite having a smaller frontal area, this may pertain to the protrusion from the rear of the 
vehicle, which is effectively a flat surface presented directly to the air flow. The drag of HPV model 1 
also increases with an increase of air speeds but at a significantly lower rate (see Fig. 5a). It was presumed 
that due to smaller frontal area and more compact and rounded frontal area, and circumference, the HPV 
model 2 would have lower aerodynamic drag compared to HPV model 1. The wind tunnel test (see Fig 5) 
showed the opposite trend. Further investigation indicates that these two models are not perfect replica of 
their production vehicles (HPV 1 and HPV 2). Additionally, the HPV model 2 has an extrusion at the rear 
that creates extra aerodynamic drag whereas HPV 1 does not have such extrusion. Moreover, HPV model 
1 possesses aerofoil shape compared to HPV model 2.  The CD value for HPV model 1 is significantly 
lower compared to HPV model 2 at all speeds tested as illustrated in Fig. 5b. However, no significant 
Reynolds number variation (varied by speed) was noted. The smoke flow visualisation (not shown here) 
and the CFD modelling clearly show that the flow around the HPV 1 model is fully attached. In contrast, 
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there are significant flow separations and vortices around HPV model 2. 
The CFD flow visualisation shows that the velocity streamline around the HPV model 1 is fully 
attached (around the sides and the top) but slows down at the front of the vehicle near the stagnation point 
(see Fig. 6). More eddies and turbulent flows are created at the back of the vehicle due to the sharp edge at 
the top as well as at the bottom where the vehicle tapers to the trailing edge. 
Table 2. On-road test summary 
Rider HPV 1 HPV 2 
Time (s) Speed (km/h) Time (s) Speed (km/h) 
1 76.83 29.71 71.87 31.77 
2 74.44 30.67 68.26 33.44 
3 69.66 33.27 59.82 38.17 
4 72.75 31.38 70.39 32.44 
5 77.75 29.37 63.9 35.72 
Average 74.29 30.88 66.85 34.31 
 
 
 
Fig.5. Comparison of model 1 & model 2: (a) drag (D) as a function of wind speeds; (b) drag coefficient (CD) as a function of wind 
speeds 
 
Fig.6. Velocity vectors around simplified HPV model 1  
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The velocity streamline of HPV 2 is not fully attached around it as shown in Fig. 7. There are almost 
two layers to the streamline where the air is not flowing evenly over the surface of the vehicle, and the 
end of the vehicle where it begins to taper to a trailing edge. The airflow hits the stagnation point at the 
front of the vehicle, and also slows down considerable at the back of the vehicle. However, the section at 
the back where the extrusion slows the airflow in a manner quite like a flat plate causing extra 
aerodynamic drag. The air is rising quickly off from the surface but slows down again over the rear edge. 
the rear bump becomes streamlined and the 
flow separation is minimised thus generating lower drag. 
 
 
Fig.7. Velocity vectors around simplified HPV model 2  
5. Conclusion 
anges in the body 
shape, extrusions and accessories generate significantly large amount of aerodynamic drag.  Despite 
assumptions made otherwise, it was found that HPV 1 has less drag than HPV 2. The findings of this 
study help to develop and refine current vehicles for the future use in RACV or similar racing events to 
gain aerodynamic efficiency. 
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